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! 
The invention described herein may be manu- 
factured and used by or for the Government of 
the United States for governmental purposes 
without payment to us of any royalty thereon in 
accordance ith the provisions of the Act of 5 
Apri130, 1928 (ch. 460, 45 Star. L. 467). 
This invention relates fo means for and meth- 
ods of measuring strain within solid mediums, 
and more particularly fo means for and methods 
of measuring dynamic linear and volumetric 10 
strain within a solid medium. 
Strain, as used hereln, is the change in a di-  
mension per unit of that dimension. Linear 
strain is change in length per unit length. Vol- 
umetric strain is change in volume per unit 15 
volume; or dilatation. 
No means for or method of measm'ing linear 
strain within a solid medium or body of rock was 
known to the art prior to the invention described 
herein. No satisfactory means for or method of 20 
measuring a pure compressional wave in a solid 
medium has heretofore been known. Further, 
no means for or method of measuring dilatation 
within a solid medium bas heretofore been known. 
The term "solid medium," as used herein, includes 25 
substances ranging from semi-plastics to perfect- 
ly elastic solids. 
An object of this invention is to provide a means 
for and method of measuring linear and vol- 
umetric strain within a body of solid medium. 30 
Another object of this invention is to provide 
a means for and method of measuring an irrota- 
tional or compressional wave within a solid medi- 
um without responding to the solenoidal or shear - 
wave present at the same rime within the medium. 35 
A further object of this invention is to provide 
a device which responds to wide ranges of linear 
and v01umetric strain and to a wide frequency 
range of dynamic strain, as from 0 to 10,000 
C. P. S. or greater. 40 
A still further object of this invention is to 
provide a strain measuring device and method 
having and utilizing a low internal electi.ical im- 
pedance. 
Other objects will appear more fully from the 45 
following description taken in connection with 
the accompanying drawing, wherein: 
Figure 1 is an exploded view of the core as- 
sembly of a dilatation gauge. 
Figure 2 is a longitudinal sectional view of the 5{} 
cote assembly of a dilatation gauge cote assembly 
when ompletely assembled. 
Figure 3 is an elevational view of an embodi- ' 
ment of the cote assembly of a gauge adapted for. 
measurement of linear strain only. 
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Figtre 4 is a vertical sectional view, partly in 
elevation, of a core assembly mounted in a solid 
medium in accordance with the invention. 
Figure 5 is a wiring diagram of a circuit con- 
stituting one part of the invention. 
In the preferred embodiment of the invention 
illustrated in the drawings, a core {} is obtained 
from the solid medium in which measurements 
are to be marie or from a solid medium having 
simflar physical properties. The cote {} may 
comprise a 2/s inch diameter cylindrical dia- 
mond-drill cote approximately seven inches long, 
with one end ! ! thereof perpendicular to the axis 
of the cylinder. A flattened surface !2 extends 
nearly hall the length of the core !{} from an op- 
posite end !$. The surface! is parallel to the 
axis of the core ! 
In accordance with the invention, means re- 
sponsive to linear strain along the axis of the 
ylinder are provided. Such means may take the 
form of an electric resistance strain gauge ele- 
ment, hereinafter referred to as a strain element 
!§. This element may conveniently comprise a 
fine wire grid in which lengths of wire are con- 
nected electrically in series but arranged geo- 
metrically in parallel along the strain responsive 
axis of the element. The wire grid is mounted 
on a piece of paper !$ and secured to the fiat- 
tened surface ! with its axis parallel to the core 
cylinder axis. 
Suitable means for waterprooflng and electro- 
statically shielding the strain element !§ are pro- 
vided. Such shielding and waterprooflng means 
may take the form of an enclosed shielding box 
!8 which is made up of a rhin copper foil bottom 
!9, an open ended copper box {}, and a copper top 
or cap  !. Shielding box ! is provided with a 
hole  to admit a two-wire waterproofed and 
shielded lead 2 which is connected to the strain 
element ! 5 and extends along the body of the core 
!{} toward the end ! ! thereof. Shielding box 
may be fllled with wax  to protect further the 
strain element ! § from moisture. 
A second straln element § and a third strain 
element 26, both similar to the wire grid of strain 
element !§, are mounted on one piece of mount- 
ing paper ]. They are arranged to be responsive 
to strain in mutually perpendicular directions and 
in a plane perpendicular to the axis of the cote ! 
Waterprooflng and electrostatic shielding means 
are preferably provided for the second and third 
strain elements § and 6. This may convenient- 
ly take the form of a shielding cup $ comprising 
a copper foil disc 9 as a base, an open ended 
copper cylinder ${}, and a copper top or cap $!. 



A hole 32 is provided in the top $0 to adroit a 
shielded lead 83. 
The shielding cup 28 is filled with wax 34 as 
further means for excluding moisture from the 
strain elements 2 and 28, and is mounted on the 
first end '! of cm, e ! 9. 
To facilitgte easy handling of the core as- 
sembly, a positioning cylinder 39 is secured to 
the top 3|. The positioning cylinder 39 bas two 
slots 37 cut in it to receive a tool for positioning 
the cote assembly, and also a hole 38 to permit 
passage of the shielded and waterproofed lead 23. 
The shielded lead 33 is a 6-wire shielded and 
waterproofed cable. Four oï the wires pass 
through the hole 2 in the top 3  and are soldered 
to strain elements 25 and 29. The other two wires 
are connected to the shielded and waterproofed 
cable 23 vhich passes through the hole 38 in the 
positioning cylinder 38 and along the body of 
the cote |9 and makes connection with the strain 
element | 5. 
It is possible to assemble, the shielded and 
waterproofed strain elements on surfaces direct- 
ly within the medium. But the difficulties in 
making secure-bonds of the prts bave suggested 
the embodiment described as a preferred one. 
Satisfactory results in assembling the parts 
may be obtained by the following procedure: 
First, the surfaces || and |2 are Iapped fo in- 
sureflatness and the core is oven dried. The core 
surfaces || and |2 and the copper foil  and 
are generously coated with a cernent which is a 
combination of volatile and thermal setting com- 
ponents. Volatile components of the cernent may 
be-removed by heating thepieces separate!y. The 
cemented surfaces are then clamped together un- 
der a pressure and heated sufficiently to set the 
thermal components in tbe adhesive. 
The strain element |5-is cemented to the 
shielding foil |9 and the strain elements 25 and 
29 are cemented fo the shielding foil 29 in accord- 
ance. with the procedure recommended by the 
manufacturer of the strain element used. After 
a proper dTing period the strain elements are 
covered with wax 24 and 34 to exclude moisture 
as illustrated in Figure 2. The bix walls 29 of 
as illustrated in Figure 2. The box walls 29 of 
the shield cup 28 are soldered in place and the 
tops thereto, 2|. and 3|, soldered fo the walls 20 
and 3. The positioning cylinder 8 is soldered 
to the shield cup top 3|. The orientation, of the 
slots 8- relative-to the axis of the strain elements 
25 and 29 is neted. Ail soldered joints and cable 
ho!es are coated with a waterproofing compound 
to: further assure no leakage-of moisture. 
To complete t2e cote assembly, a wire spider 
39 (Fig. 3) is clamped at the center of the core 
fo' provide a means for positioning the cote as- 
sembly. 
A hole 49, free of moisture or foreign marrer, is 
provided in the medium in which the measure- 
ments are to be ruade to receive the core assem- 
bly. The assemb]y is lowered into the hole 49 
by means of an inverted T-shaped tool construct- 
ed to catch in the slots 3 of the positioning cylin- 
der 39.. and to be releasable therefrom. The cote 
assembly is cemented in place as illustrated in 
Figure 4: A cernent 4| is preferably used which 
bas an acoustical impedance substantially the 
saine as that of the solid medium. Strong gyp- 
sure cements bave been found satisfactory for 
such purpose. The cernent should cover the 
guge: several inches and completely flll the void 
be£wse the hole and the core assembly. 
Coz assemblies havizg only one. or' two stain 
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elements may be desirable ïor certain applica- 
tions of the invention. For instrumenting a giv- 
en problem the choice of the number of elements 
depends on what strain components are fo be 
5 measured. Figure 3 fllustrates a core assembly 
which includes only one strain element. This 
element is mounted in the shield cup 23 at the 
end of the core |9. 
Suitable means responsive to the strain in the 
1.0 strain elements |5, 25, and 29 and for determin- 
ing such strain, are provided. The determina- 
tion of strain may be accomplished by measuring 
the change in resistance of the strain elements 
since change in resistance of the elements is pro- 
1.5 portional to the change in strain thereof. One 
means, for this determination, which is respon- 
sive to strain in the strain elements, may com- 
prise the circuit illustrated in Figure 5. This 
circuit generates an electric output that varies 
2O as the strain of the strain elements. A voltage 
from a source of D. C. voltage 45 is applied across 
a gauge element 8. The gauge element 49, rep- 
resented as a resistor in Fgure 5, comprises a 
series connection of one or more of the strain 
25 elements |5, 25, and 29, depending upon whether 
linear strain or dilatation measurements are to 
be ruade. 
The current through the gauge element 49, 
which results from the voltage 45, is measured 
30 by an ammeter  connected in series with and 
adjacent to the voltage source 45. A resistor 8 
is shown in Figure 5 to represent the total input 
resistance of the circuit, including the resistance 
of the wiring, the voltage source 45, and the ara- 
35 meter . 
Connections adapting the circuit fbr measure- 
ments of changes in the voltage drop across the 
gauge element 49, are provided. This is illus- 
trated in Figure 5 as the wiring from the ends of 
0 the resistor 48 fo two terminals 49, which are the 
electrical output terminals of the gauge. Easy 
observation and recordation of the electrical out- 
put may be effected by use of suitable amplifiers 
and photographically recording oscilloscopes 
45 adapted to be responsive to the gauge output. 
In the operation of the device to measure dila- 
tation in accordance with the invention, a cote 
assembly is properly cemented within the solid 
medium and the strain elements are connected 
50 in series to the circuit shown in Figure 5 in the 
manner previously indicated. Dynamic strains 
are produced within the solid medium. The 
wires of strain elements |5, 25, and 2,8 in a 
properly located cote assembly, are successively 
55 lengthened and shortened by the strains in the 
medium, and corresponding increases and de- 
creases in resistance result. The.voltage drop 
across the individual strain elements |5, 25 and 
29 varies in proportion to the linear strain of the 
60 respective elements. 
Where 1 is the resistance of gauge element 4, 
r is the total input resistance 48, I is the current 
through 1, e is the change in strain in the wires 
composing 1, / is the gauge factor, that is, change 
65 in resistance per unit resistance, per change in 
length per unit length of the strain element wire, 
and E is the change in the voltage across R or 
gauge output, the following formula may be 
written. 
70 AE=flAe 
Wheïe 1 is only one strain element, instead of 
a series connection of three elements, then E is 
ï5 a measure of the linear strain in the particular 
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plane and direction of the strain element con- 
cerned. 
In genera], distuïbances in so]id mediums g'ive 
rise to both shear waves and compressiona] 
waves. Because a ]inear strain e]ement responds 5 
fo both waves, it has therefore been exceedingly 
diflicult, and in some cases impossible, fo mess- 
ure the compressiona] wave independent]y of the 
shear wave. It has been discovered, however, 
that linear strains in three mutually perpendicu- !« 
lar directions resulting from'shear waves add up 
vectoria]ly fo zero. It follows that shear waves 
produce no dilatation. Compressional waves, on 
the other hand, do produce dilatation. 
In one embodiment of the invention, therefore, I 
three strain elements, mounted tobe responsive 
fo strain in three mutual]y perpendicular direc- 
tions, are connected electrica]ly in series. The 
shear wave components in each individua] strain 
e]ement cancel each othcr out, and the total out- 20 
put of the gaug'e is responsive only to the com- 
pressiona] wave. A measurement of the com- 
pressional wave a]one and of dilatation is the 
result. 
It is understood that modifications may .be » 
ruade in the device as herein described without 
departure from the spirit and scope of the in- 
vention as set forth in the appended claire. 
We claire: 
In a device for measuring strain in a so!id me- zo 

6 
dium, a cote of physical properties simflar to 
those of the solid medium, said cote having two 
mutually perpendicu]ar surfaces, an e]ectrostat- 
ica]]y shielded strain element firm]y secured to 
the first of said surfaces and being so positioned 
as fo be responsive to strain in a direction per- 
pendicu]ar to the plane of the second of the said 
surfaces, two strain e]ements positioned to be 
responsive to strains in the saine plane but in 
lïutually perpendicu]ar directions firmly secured 
fo the second of said surfaces and enclosed in an 
electrostatic shield, means responsive to strain in 
said elements. 
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